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~a) hesearch and development of a new type non-reserve magnesium
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b) Manufacture and assembly of magnesium ""D'' Size cells incorpor-

ating above mentioned R and D work for testing and evaluation

by Contractor and Subcontractor, The Dow Chemical Company,
Midland, Michigan.

Report prepared by:
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PURPOSE

Research work directed towards the develop-
ment of a new dry cell utilizing the Balaguer
reverse electrode type dry cell battery
structure, leading to the construction of 500
magnesium "D" size cells to be delivered to
the U. S, Army Electronics Laboratories,
incorporating the best results obtained by the

contractor,
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ABSTRACT

Investigations of shelf life and low temperature

performance consisted principally of two shelf

and two experimental design programs. Investi-

gations of anode pitting and slow, voltage recovery .
of the cell comprising seven screening programs,
involving various modifications and combinations
of cell components, were undertaken. Cleaning
of the anode after forming with Dow 21 pickle
minimized the pitting, The plastic cell closure
has ‘markedly improved the shelf life of the
Balaguer "D" size cell, Employing a seamless
steel jacket in place of a seam steel jacket reduced

the radial expansion during cell discharge.
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CONFERENCES

Subject: Pitting of the Anode

Organizations Represented: Power Sources Div., USALL
(Mr. Donald Wood)

The Dow Chemical Co.
(Mr. J. L. Robinson)

Caribbean Trading Corp.
(Messrs. R, Balaguer and
J. D. Hedges)
Place: Atlantic City, New Jersey
Date: May 21, 1964

Conclusions: Two Screening Programs were outlined

Subject: Shelf Life o the Cell

Organizatidna Represented: Power Sources Di-v.USAEL
(Mr. Donald Wood)

The Dow Chemical Company
(Mr. J. L. Robinson)

Caribbean Trading Cc‘n‘p.
(Messrs. R, Balaguer,
J. D. Hedges & G. Perez)

Place: Caribbean Trading Corporation
Fort Lauderdale, Florida

Date: July 14, 1964

Conclusions: Screening Programs were outlined to isolate the
causes of the pitting and high time delay.
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EQUIPMENT

The same equipment used in the first half of this contract
for the development work was used in the second half.
Jigs and dies were made to facilitate the construction of

a seamless tinned steel jacket.
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B. EXPERIMENTAL DESIGN PROGRAM NO. 4

Presented in Tables I and II are data obtained after high temperature

storage from cells fabricated for Experimental Design Program No. 4
described in Report No. 3. The purpose of this experiment was to deter-
mine the relative influences of mix wetness, mix height, and consolidation
pressure.

As was previously disclosed, the cells in this program were made
with a mechanically attached plastic bottom which had already proven to
be inadequate in providing cells with acceptable high temperature
storage characteristics, In further evaluations, cells with the more
reliable cast-in-place plastic bottom will be used.

Since radial expansion caused the seams of the tinned steel, outer
jackets to pull apart, a seamless outer jacket will be evaluated.

In reference to Table I, it should be noted that the results of
discharging cells at 7-1/2 ohms continuous after one month storage at
130°F. were startling because of the large increase in capacity obtained
in every case. Quoting Dow: '"The average increase for the eight (8)
lots was 28, 2% with capacities reaching as high as 42 hours. While these
cells had plastic closures, the reason for the large capacity increases is
not known, In general, capacities again followed the mix weights, and
wetness has not significant effect, The radial expansion with these high

capacities is of concern, which emphasizes the need for a stronger

jacket, "
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C’ The cell discharge data at low temperature obtained at the U, S,

Army Electronics Laboratories for this program was received. Due to

the high time delay observed in these cells and the corrosion of the i

contact at the closure, no attempt was made to evaluate the effect of

the parameters studied.
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EXPERIMENT AL DESIGN PROGRAM NO, 5

As mentioned in our Report Nov.V)3, a batch of seventy-two
(72) cells was assembled for the Experimental Design Program
No. 5 for low temperatufo evaluation of various mixed bromides

as cell electrolyte, Table XVI of this same report presents the

s
E
E
‘j.
4

batch description, - i
A summary of initial low temperature discharge data was |
received from the USAEL and is shown in Table No, III,
The evaluation made by Dow of the data presented in
Table III reads as follows:
“No service above end voltage was obtained in the 2, 25 ohms
test at minus 20°F, Mixed bromides had drastically lower delays
than MgBr, in otherwise comparable cells, with little difference
in capacities, Of the mixed bromides tested, the best all-around
performance was obtained with Mg/ Sr mixture having a normality
ratio of 2/1 (214 g/1 MgBrp plus 144 g/1 SrBrjy). Further work
around this composition is recommended with quantitive measure-

ments of delay. "
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EXPERIMENTAL DESIGN PROGRAM NO, 6

Experimental Design Program No, 6 was conducted to

evaluate magnesium perchlorate electrolyte in cells tested at low

temperatures, Cell specifications were as follows:

Cathodes: Type M manganese dioxide, 88-1-3-8, wet 620 ml, of
electrolyte/1000 gm, dry mix, 55 gms, of mix consoli-
dated at 40 lbs/in2,

Anode: 0. 055" magnesium AZ 21 x 1 \

Separator: Kraft paper coated on both sides with 5% Methocel
solution,

Structure: Fiberglass tape wrapping, steel jacket with seam, and
plastic closure.

Mg(Cl104)2 Concentration Na2CrO4

Batch No. Normality grams/liter grams/liter

1 2,0 223 0
2 3.5 391 0
3 5.0 558 0
4 2.0 223 0. 25
5 3.5 391 0. 25
6 5.0 558 0. 25

Table IV shows initial data as reported by Dow, Table V

shows the low temperature data as received from the U, S, Army

Electronics Laboratories, Due to the high time delay observed, no

effort was made to analyze the effect of the variables under study.

As will be noted later, the andbdes were pitted. This pitting

accentuates the time delay and impairs the overall performance of

the cells,




The capacity retention data and influence of storage on delayed
action indicates tha;. aside from the leakage evident in cells subjected
to high temperature storage when the steel closure was used (which
has been solved by using the plastic closures), there are other
sources of trouble that impair the shelf life and time delay,

With depolarizer mix from Batch No, 6 of Experimental
Design Program No, 6 a shelf life program was run, These cells
contained 5N Mg(ClO4)2 and all other fabrication parameters employed
in Batch No, 6, Twenty-four cells were fabricated, Eighteen (18) of
these cells were stored at 130°F, Presented in Table No, VI are the
results obtained from the first 5 months, The other six were
subjected to storage at 165°F, and data obtained thru 3 months storage is
shown in Table No, VII,

The time delay on fresh cells thru 7.5 ohms to 1. 0 V, varied
from 1 to 3 seconds while cells stored 5 months at 130°F, gave an
average delay of four minutes to 1, 0 volts thru 7, 5 ohms,

Additional data on cells having the cast-in-place plastic
bottom (welded contact bottom closure) which showed good retention
capacity after 15 and 30 days storage at 165°F, as reported in
Semiannual Report No, 3 is shown in Table VIII, ~-

Results for an equal batch of cells stored at 130°F, are shown
in Table IX., After 3 months, one cell had a time delay of 6 seconds,
while the other had one second, The seam of the jackets was opened

by the expansion in both tests during discharge. This problem has been

cured by the use of the seamless steel jacket,

P
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The high retention capacity after 3 months at 130°F, with no
expansion of the cell on shelf confirms that the plastic bottom has
curtailed the major portion of capacity loss on storage. These cells
were made with the steel jacket with seams,

While the test results shown in Table VIII at 165°F. are satis-
factory for such high temperature, it is equally true that the batte.z:_igc

dried out by the end of the third month, Nevertheless, the same

contruction tested at 165°F, as shown in Table VII with the perchlorate

of Batch #6 from Experimental Program No. 6, stood up unusually

well for three months,




E - SHELF PROGRAM NO, 3

Fifty-three (53) cells were assembled in order that the cast-
in-place plastic bottom closure could be evaluated with cells containing
aqueous MgBr) electrolyte,

The specifications for these cells were:

Anode: 0, 055" magnesium AZ 21 x 1

Cathodes: 55 gms, mix, type M manganese dioxide, 88-1-3-8, wet
550 ml, electrolyte/1000 gm. dry mix consolidated at
40 1bs/in2.

Electrolyte: 250 g/1 MgBr2 plus 0.25 g/l NayCrOy4

Separator: Kraft paper coated on both sides with 5% Methocel in
water,

Structure: Fiberglass tape wrapping, steel jacket with seam,
and plastic closure,

The initial data is shown in Table X,

When cells from Shelf Program No, 3 were dissected, severe
open circuit corrosion was evident, The most likely cause of this
corrosion appears to be mix shorting, Since this parasitic corrosion
could greatly alter the performance, no attempt was made to analyze

the effect of the variables under study in the program.

%
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F - SCREENING PROGRAMS NOS, 1 & 2 - EXPERIMENTAL DESIGN

PROGRAM NO, 7

Screening Program No, 1 (Separator Study)

The purpose of this program is to determine if thicker separator
would limit the parasitic corrosion by curtailing mix shozting,
| The general '"D'" sige cell specifications were: Type M mangan-
ese dioxide, wet 550 ml, of electrolyte/1000 gm, dry mix; 0, 055" mag-
nesium AZ21 x 1; 40 1bs/in2 consolidation pressure; plastic closure;
fiberglass tape wrapping; and new seamless steel jacket which had
been tested at 7-1/2 ohm breakdown test without showing cracks or
distortion after four weeks,
The four conditions were as follows:
1, Single separator
2, Two separators
3, Three separators
4, Hand wrapped single separator (original method of covering
anode with four strips of paper with edges overlapping).
Fifty-two grams of mix were used for conditions 1, 2 and 4 and
50 grams for condition 3, When the cells were about fourteen days old,
two cells from each of these cell lots were dissected and the anode
inspected after measuring flash currents, initial voltages, and delayed
actions. The data are summarized in Table No, XI. The condition of

the respective anodes indicates that the severe open circuit corrosion
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being encountered is due to cathode mix lhortihg. This conclusion was

based on the observation that the magnitude of the corrosion was dras-

tically reduced in the cell lots employing two or three layers for the
separator when the new method of applying was employed or by reverting
to the original method of applying a one-layer separator described in
Report No, 9. However, even with the multi-layer separator or the
original method of application, excessive pitting still indicated a degree

of mix shorting, but it could conceivably be associated with the metal

itself or the surface treatment, With two of these anodes, mix short pits

were definitely observed along the butt joint indicating separator tearing

on insertion of the anode,

With all cells from Screening Program No, 1, very slow initial
voltage recovery was observed, This type of '"delayed action' is most
likely due to one or more of the following causes:

(1) High initial anode to cathode resistance because of the lack
of a compacting step after anode insertion,

(2) A highly protective film which is difficult to break down,
resulting from the currently employed final anode cleaning step.

(3) Drying out of the separator due to a poor seal,

-

Screening Program No, 2 (Consolidated Study)

In order to determine if the method of fabricating the cell by
driving the anode into the mix was contributing to the parasitic corrosion
by creating ruptures in the separator, a group of cells were made

similar to Screening Program No, 1, except that the cathode mix was




oy S et S S s vt

consolidated after, instead of pribr to, anode insertion. The external

cell contact was accomplished through a thin strip of tinned steel |
welded to the magnesium anode, The cells were sealed with self-
curing resins,
The discharge characteristics obtained (Table No. XII) and
the open circuit corrosion patterns were comparable to the corres-
ponding data and corrosion patterns observed for Program I, Based
on these observations, the conclusions are that the current standard
assembly technique results in adequate mix consolidation and that
anode insertion into the consolidated mix does not increase possible

cathode mix penetration of the separator to cause internal shorting,

&perifnental Design Program No, 7

The program was run on the assumption that increasing the
separator thickness would limit corrosion condition. A 23 experiment
was run with the following specifications to determine the influence of
the three variables:

Cup: Regular

Structure: Fiberglass tape wrapping, seamless steel jacket,
plastic closure, 2 ply kraft with asphalt insulating
washer,

Separator: Th:;'ee layers kraft paper coated with Methocel,

Consolidation: 40 1bs/inZ pressure

o sl e ia i




Variables: Electrolytes
A - 250 g/1 MgBr3 - 0, 25 g/1 NapCrO4
B - 280 g/l Mg(ClO4) - 9. 25 g/1 Na,CrO4
Mix Wetness -
A - 490 ml, of electrolyte/1000 gms dry mix
B - 550 ml, of electrolyte/1000 gms dry mix
Mix Weight
A - 40 grams
B - 50grams
The initial data for Experimental Design Program No, 7 are
shown in Table XIII, No attempt was made to evaluate these data
and further testing was suspended, These cells exhibited severe
open circuit corrosion and also in several of the cells the bottom
closure pushed out allowing electrolyte leakage., Puncturing of
selected cells showed a substantial gas pressure build-up indicating

too tight a seal, A double cardboard washer is now being employed

to increase the hydrogen venting capacity,
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G - SCREENING PROGRAMS NOS, 3, 4, 5, 6 and 7

In view of the cell anode corrosion atill evident in Screening
Programs No, 1 and 2 and Experimental Plan No, 7, additional
information was required to determine the factors causing the corro-
sion, In order to further isolate the source of trouble, five screening
programs were run, numbers 3, 4, 5, 6 and 7.

A very probable source of the difficulty was traced to the anode
cleaning and forming methods, All cells assembled up to and through
Experimental Design Program No, 7 had anodes which were cleaned
by immersing, after forming, in a hot chromic acid solution composed
of 250 g/1 chromic oxide and 0.1 g/l silver nitrate and rinsing in fresh
running water, as suggested by Dow Chemical, The magnesium anode
material supplied by Dow had been treated in the Dow 21 bath, which
leaves a chromate film. Heating the anodes above 450°F. during
anode forming operations could cause reduction of the chromate ion,
leaving cathodic chromium metal on the surface of the magnesium,
The hot chromic acid cleaner described above would not remove such
metallic deposits and, further, this bath does activate the surface in
respect to corrosion by forming local passive or cathodic areas on the
surface,

In the future, the magnesium sheet will be received without
the Dow 21 chromium film and the anodes wi 1l be cleaned after forming
with the Dow 21 pickle, a bath containing chromic acid, ferric nitrate

and potassium flouride, This procedure will eliminate the possibility

16 -




of forming cathodic chromium on the anode surface,

The cells for Screening Programs Nos. 3, 4, 5, 6 and 7 employed
1/32 carbon cups 0. 055" magnesium; type M manganese dioxide, 88-1-3-8,

wet 550 ml, of electrolyte/1000 gms, dry mix, 250 g/1 MgBr, plus 0, 25

gh Na, CrO4; fiberglass tape wrapping; and steel seamless jacket,

Screening Program No, 3

The purpose of this program is to attempt to remove the
cathodic chromium deposit which may be formed during the anode
cleaning process with Dow 21, a magnesiurm cleaning bath,

A, Separator: One layer kraft paper coated with Methucel,

B. Anode: Old metal supplied with Dow 21 film, After
forming, anodes should be cleaned in Dow 21
for one, three and five minutes,

The cells from Screening Program No, 3 were stored at 130°F,
for 1, 2, 5 and 9 weeks,

After the first week, no pitting was observed in the anodes
pickled for three and five minutes with fine pitting appearing in those .
pickled for one minute,

After two weeks, the corrosion pattern was almost identical,

Ait:r five weeks, the pitting increased markedly in the cells
with anodes p‘ickled for one minute; it started showing in the cells witl;
anodes pickled for three minutes, but none was visible in cells with

anodes pickled for five minutes.




After nine weeks, general piting was observed in all the anodes,

The time delay (4 ohms) at tine end of the nine week period
iﬁcreuod to 3 seconds in the cells with anodes pickled for five minutes,
to 17 seconds in the cells with anode s pickled for three minutes and to

20 seconds in the cells with modes pickled for one minute,

Screening Program No, 4

The objective of Screening P rogram No, 4 was to determine if
tﬂe mix shorting which may have been causing the anode corrosion
during stand could be curtailed by ermploying various thicknesses of
separators and to evaluate the presantly employed consolidation
technique,
A, Anode: Metal supplied withont Dow 21 and treated, after

forming, for 3 minutes in the i)ow 21,

B. Separator: Kraft paper with 5% Methocel in water.
Single separator
Two separators
Three separators
Hand wrapped single separator (original method of

covering anode with four strips of paper with edges
overlapping).

W N
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In filling the cell, approximately 10 gms, of mix were tamped
in the bott om, the anode inserted, and then the cell filled with the bulk
of the mix using 10 gm, portions anddtamping between additions, The
total amount of mix was 50 gms, At present no data is available on

this program,
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The objeétive of this program was to determine if magnesiam

sheet not treated with Dow 21 prior to forming would provide an
acceptable anode and if severe anode cleaning would be reguired in

order to obtain a stable cell,

i Sxar

A. Separator: One layer kraft paper with Methocel,

B. Anode: AZ 21 magnesium alloy supplied without Dow 21.
After forming, the following anode treatments were
applied,

1. 3 minutes in Dow 21

2, 20 seconds in 70% H,SO4 at 120°F,

3., 20 seconds in 70% H2SO4 at 120°F, plus
3 minutes in the Dow 21,

The anodes of cells stored at ambient temperatures for two weeks
with a final Dow 21 chromate film showed only superficial open circuit
corrosion and voltage recovery times of the order of 0.4 seconds. Anodes
with the sulphate film showed open circuit etching but delayed action of *
the order of 20 seconds., The high delay with the sulphate film was not |
unexpected, i

Other cells were stored at 130°F. for 1, 3,6 and 10 weeks. In
the first week, none of the anodes showed any pitting.

The anodes made with metal supplied without the Dow 21 and

treated for 20 seconds in 70% HpSO4 only, had no pitting after one week

and presented a better surface than those using metal supplied with the

Dow 21 and treated, after forming, for one mianute in Dow 21 as in

I

Screening Program No, 3.
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In the third weilk, there was no visible pitting in any cass,

After six weeks, general fine pitting appeared in all Ml.
the pitting being more pronounced in the anodes treated in both Hy804
and Dow 21,

After 10 weeks, all anodes showed general fine pitting with .
the pitting being more marked in the anodes treated with Dow 21
only. This is in contradiction to the results for six weeks,

The time delay at the end of the ten weeks was: 12 seconds
for cells with anodes treated with Dow 21 only, and with both Hy8O,4
and Dow 21, | The delay for anodes treated in H,SO4 only was four

seconds average.

Screening Program No. 6

In this program two methods of forming the cell anodes were
evaluated, Presently the anodes are formed by applying force to a
heated steel die with a hammer, This method of fabrication results
in scratches in the anode surface, a possible cause of parasitic
corrosion, In order to avoid these scratches a rolling mill employing
Haynes Alloy 25 rollers has been designed, The rolled anodes do not
show any scratches on their surface,

A, Separator: One layer kraft paper with 5% Methocel,
B. Anode: New metal supplied without the Dow 21, After
forming, the anode was cleaned for 3 minutﬁ in

the Dow 21,
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Open circuit voltage 1. 90 1.80
Closed circult voltage
© 7=1/2 ohms 1,80 1.70
Seconds to 1 volt 0.3 1.6
" Flash current amperes 8.4 6.6

The following cell data were obtaineds
. mitial One week at 113°F,

Soll 1047 __CeliNe 1089

The anodes of dissected cells showed that the pitting was of the

same order in both anode forming techniques for cells stored one
month at 113°F, The scratches made by the steel die appear to have

no effect on the parasitic corrosion,

Screening Program No, 7

The objective of this program is to determine the influence of
various separator types on the corrosion.

Anode: Metal supplied without the Dow 21 pickle, but treated
for three minutes in Dow 21 after forming,

Separator: 5% Methocel coated
1. Fiberglass cloth
2, Batiste fabric
3. Gauze
4. Methocel paper, commercial type, no inhibitor
Cell data obtained are shown in Table XIV, The visual obser-

vations of the corrosion pattern conformed to the cell data. Shallow

unacceptable crater type pitting was observed with the Methocel paper
indicating some undesirable, perhaps stray mercury, contaminate in
the Methocel. No signs of mix shorting was observed with the

Methocel paper separator. The reason for the lack of voltage with
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cell No, 897 could not be found, The anodes with the fibergiass separster

perforated as a result of mix shorting which was clearly visible, The |

anode corrosion pattern with the sterile gause, while acceptable, was
inferior to that obtained with the Methocel coated kraft separator of

Programs 3 and 5,

The anode with batiste fabr;c separator has excellent corrﬁc!on
patterns which were comparable to those obtained in Programs 3 and 5.
We concluded that batiste fabric separator would be a good substitute
for kraft paper,

After dissection of cells stored at 130°F, at this laboratory,
the following was observed.

1) The anodes of cells incorporating the fiberglass cloth showed pitting
and cavitations, poor contact between cloth and anode and two seconds
time delay at the end of the seven weeks,

2) The anodes with batiste fabric showed no pitting during the first and
second week, During the fourth week, a fine pitting appeared with
approximately the same type pitting after the seventh week, but no
cavitations, The time delay after seven weeks was in the order of
one second, This is one of the smallest time delays observed in
these test,

3) The anodes of cells employing the gauze separator showed a similar
pitting to the batiste, with a time delay in the order of 2 seconds,

4) The anodes of cells using Methocel paper showed scattered cavitations

in the first week, but the pitting at the end of seven weeks was less than

S T T T Te T,
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" for anodes used with the batiste separator, The time delay after

-m:; weeks was 3 ncondlv. In gomrnl.. the progress of the pitting
during storage was very slow,

It is concluded that there is not much difference between the
gause, the batiste, and the Methocel paper with a slight tendency for

better results with the Methocel paper,
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H - SHELF PROGRAM NO, 4

The data obtained from the various screening programs supports

and initi

\\quct that the major cause of the severe anode open circuit corrosion

voltage recovery has been the reduction of the protec-
~

tive chromate film to deposit cathodic chromium metal on the mag-

nesium during hot forming of the anode. The simplest method of

~ avoiding the chromate film reduction is to apply the film chromate

after anode forming so that it never experiences the high temperature

used in anode forming. In view of this data, Shelf Program No, 4

should be undertaken employing the following specifications:

A,

B.

D.

Anode:

Separatox:

Cathode:

Electrolyte:

Structure:

0, 055" magnesium anode, made out of metal
supplied without the Dow 21 and treated, after
forming for 3 minutes in the Dow 21,

One layer kraft paper coated with Methocel on

both sides.

50 gms. mix, type M manganese dioxide, 88-1-3-8,
wet 550 ml, of electrolyte/1000 gms dry mix, con-
solidated at 40 1bs/in2,

250 g/1 MgBr, plus 0, 25 g/1 Na,CrOy. \
1/32" wall cup, fiberglass tape wrapping, plastic

bottom, seamless steel jacket, and two paper washers,

Initial data obtained from these cells are shown in Table XV,
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Table XVI and Table XVII, In general, the performances were

excellent; there were signs of adverse corrosion attack and high

maximum delayed action during the LIT testing probably related

to the cell formulation, l |
The radial expansion has been controlled with the seamless

steel jacket, None of the cells in this program have been dissected

to observe pitting, Screening Program No, 3 had cells similar to

those in this progfam. The high performance capacity has been

very well retained after the first month on shelf,




NOTE - DATA ON CELLS MADE PRIOR TO THE CONTRACT
As reference data that could help isolate the source of pitting

and high time delay, the following information is included:

Cell made in this laboratory with the following specifications:
Structure: 1/16" wall cup, scotch tape as seal, plastic
jacket, and steel closure with asphalt,
Anode: 0. 060" magnesium AZ 21 x 1 supplied with
Dow 21, without further treatment after forming.
Separator: Kraft paper coated with starch gel,
Cathode: 50 gms, mix 89-3-8, African ore M,;02, wet
| 370 ml, of electrolyte/1000 gms. dry mix,
~-206-g/1 MgBr plus 50 g/l SrBry plus 0. 2 g/l
NapCrOy4 plus 0, 25% Magnesium powder,
Consolidation: 50 1bs /in2,

New cell had O, C. V. 1.92 volts
S.C.C. 20 amperes

After three years storage at 70°F., this cell had O.C, V.
180 volts; time delay with 4 ohms resistor, 9,5 seconds., After
dissection, the anode presented no visible pitting and an excellent

corrosion pattern,
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CONCLUSIONS

1.

‘The plastic closure used for the bottom of the cell has markedly
improved the cell capacity retention when subjected to 130°F,

Of the nﬂ.xed bromides tested, the best performance was obtained
with the Mg/Sr mixture having a normality ratio of 2/1.’

The use of a seamless steel jacket has virtually eliminated the
expansion problem, :

The major cause of anode perforation on shelf was cathodic
chromium residue resulting from chromate ion reduction during
hot forming, Cleaning the anode in Dow 21 pickle after forming
has markedly reduced the pitting and cavitations on the anode,
The rolled anode forming technique did not attenuate the pitting.
The problems of the pitting and time delay, although markedly

reduced have not been cbmpletely eliminated,

2?7 -




PROGRAM FOR NEXT INTERVAL
Work under this program will continue from October 1, 1964
to April 1, 1965 under the present contract which has been extended

to September 30, 1965,

During this period, our immediate program will include the
following areas: -

1) Shelf life and lovy temperature evaluation will be continued
employing the ''D'" size cell,

2) The investigations necessary to establish the design parameters
required for the construction of a "AA' size cell utilizing the
reverse electrode type of dry battery structure covered by
U, S, Patent 2, 903, 499 will be conducted.,

3) Work on the construction of a special carbon cup forming
machine, molds, magnesium anode forming equipment, dies,
manually operated filling machine, and crimping machine for
the AA size cell will be started,

4) Further wox;k to investigate the causes responsible for the

pitting and slow voltage recovery will be conducted.
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IDENTIFICATION OF KEY PERSONNEL

Mr. Rodolfo Rodriguez Balaguer
Director of Research

Mr, Balaguer received his M. S, degree in Electrical Engineering
from the University of Habana in 1946. He has been engaged in
battery research and development activities for the last 18 years,
Since 1959, he has been the Director of Research of Caribbean
Trading Corporation, Three hundred forty-three (343) hours of
Mr, Balaguer's time were expended on this program,

Mr, Guillermo Perez Profet
Assistant to Director of Research

Mr. Pereg received his B, S, degree in Mechanical Engineering
from Rensselaer Polytechnic Institute in 1954, He has been
engaged in battery research and development activities for the
last 7 years when he became assistant to Mr, Balaguer. Three
hundred thirty-six (336) hours of Mr, Pereg's time were
expended on this program,
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PSD Dist List "A" (Mandatory)
3 December 1964

DISTRIBUTION LIST
SECOND SEMI-ANNUAL REPORT
CONTRACT NO, DA-36-039 AMC-03369(E)

Director
U.S, A, Flectronics Laboratories
Fort Monmouth, N.J, 07703
ATTN: Logistics Division
(MARKED FOR PRO JECT
ENGINEER)
ATTN: AMSEL-RD-P
ATTN: AMSEL-RD-ADO-RHA
ATTN: AMSEL-RD-DR
ATTN: Technical Documents Center
OASD (Research & Engineering)
ATTN: Technical Library
Room 3E1065
The Pentagon
Wasnington 25, D, C,

Chief of Research and Development
OCS, Department of the Army
Washington 25, D,C,

Commanding General

U.S.A. Electronics Command
ATTN: AMSEL-TE

Fort Monmouth, N,J. 07703

Director

U, S, Naval Research Laboratory
ATTN: Code 2027

Washington, D, C. 20390

Commanding Officer and Director
U.S. Naval Electronics Laboratory
ATTN: Library

San Diego 52, California

Rome Air Development Center
ATTN: RAALD
Griffiss Air Force Base, N,Y,

Commanding General

U.S.A. Electronics Research and
Development Activity

ATTN: Technical Library

Fort Hvachuca, Arizona 85613

(4)
(1)
(1)
(1)
(1)

(1)

(2)

(1)

(1)

(1)

(1)

(n

Commanding Officer

Harry Diamond Laboratories |
Connecticut Ave & Van Ness St.,N. W,
Washington 25, D, C, (1)

Director

Proc & Prod Directorate

ATTN: Technical Library

U.S. A. Electronics Command

Fort Monmouth, N, J, 07703 (1)

Deputy President

U.S. A, Security Agency Board

Arlington Hall Station

Arlington 12, Virginia (1)

Commander .

Defense Documentation Center

ATTN: TISIA

Cameron Station, Building 5

Alexandria, Virginia 22314 (10)

Chief

U.S. A. Security Agency

ATTN: ACofS,G-4 (Tech Library)
Arlington Hall Station

Arlington 12, Virginia (2) ;
Air Force Cambridge Research Laboratories
ATTN: CRXL-R

L. G, Hanscom Field

Bedford, Massachusetts ' (1)

Headquartess

U.S, A, Materiel Command

Research and Development Directorate
ATTN: AMCRD-DE-MO

Washington, D,C, 20315 (2)

Commander

U.S, Army Research Office {Durham)-
Box CM-Duke Station

Durham, North Carolina (1)

Commanding Officer

U,S,A, Combat Developments Command
ATTN: CDCMR-E

Fort Belvoir, Virginia 22060 (1)



PSD Dist List "A' (Mandatory). .
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DISTRIB‘UTION LIST
SECOND SEMI-ANNUAL REPORT
CONTRACT NO. DA-36-039 AMC-03369(E)

Commanding General Power Information Center

U.S.A. Combat Development Command Moore School Building

Communications~ Electronic Agency 200 South Thirty-third St.

Fort Huachuca, Arizona 85613 (1) Philadelphia, Pennsylvania 19103 (1)
Air Force Systems Command Systems Engineering Group (SEPIR)
Scientific/Technical Liaison Office Wright-Patterson Air Porce Base

U.S. Naval Air Development Center Ohio 45433 (1
Johnsville, Pennsylvania (1)

Director

U.S. A, Engineering Research and
Devclopment Laboratories

ATTN: Chief, Electric Power Branch

Fort Belvoir, Virginia 22060 (1)

Marine Corps Liaison Office

U.S.A,., Electronics Laboratories

ATTN: AMSEL-RD-LNR

Fort Monmouth, N,J. 07703 (1)

AFSC Scientific/Technical Liaison Office
U.S.A, Electronics Laboratories

ATTN: AMSEL-RD-LNA

Fort Monmouth, N, J, 07703 (1)

USAEL Liaison Office

Rome Air Development Center

ATTN: RAOL

G riffiss Air Force Base, N, Y, 13442 (1)

Commanding Officer
U.S. A, Engineer Research and Develop-
ment Laboratories
ATTN: STINFO Branch o
Fort Belvoir, Virginia 22060 (2)

Commanding Officer

U.S.A. Electronics Research and
Development Activity

ATTN: AMSEL-RD-WS-A

White Sands, New Mexico 88002 (1)

NASA Representative
Scientific and Technical Information
Facility
P, O, Box 5700
Bethesda, Maryland 20014 (1)



PSD Dist List '""B" (Steering Group
Members - Mandatory)
23 November 1964

DISTRIBUTION LIST

... SECOND SEMI-ANNUAL REPC)RT
CONTRACT NO, DA-36-039 AMC-03369 (E)

Dr. Bernard Stein
Physical Sciences Division
Army Research Office
3045 Columbia Pike
Arlington, Virginia

Dr. Ralph Roberts

Head, Power Branch

Office of Naval Research(Code 429)
Department of the Navy
Washington, D.C. 20360

Mr., Bernard B, Rosenbaum
Bureau of Ships (Code 342B)
Department of the Navy
Washington 25, D. C,

Mr, George W. Sherman
Aerospece Power Division

ATTN: API

Wright-Patterson Air Fcrce Base
Ohio 45433

Mr, M, Polk

Advanced Research Projects. Agency

The Pentagon, Room 3E157
Washington 25, D, C,

Lt, Col. John H, Anderson
SNAP-50/SPUR Office

U.S5. Atomic Energy Commission
Division of Reactor Devclopment
Washington, D, C., 20545

Mr, E, Cohn

National Aeronautics & Space
Administration Headquarters

Code RNW

Washington, D.C. 20546

Institute for Defense Analysis
1666 Connecticut Avenue,N, W,

Washington 25, D, C.
ATTN: Dr. Szegel & Mr. Hamilton

(1)

(1)

(1)

(1)

(1)

(1)

(1)

(1)

Mr. G, B, Wareham

Office of the Assistant Director
Defense Research and Engineering
3D~1048 Pentagon

Washington 25, D,C.



DISTRIBUTION LIST
SECOND SEMI-ANNUAL REPORT
CONTRACT NO, DA-36-039 AMC-03369(E)

Bright Star Industries

600 Getty Avenue

Clifton, N.J.

Attn: Mr, J. Davis (1)

Mallory Battery Company

Tarrytown,

New York

Attn: Mr, J. Dalfonsc (1)

Burgess Battery Company

Freeport

Dlinois

Attn: Mr. M., Wilke (1)

Union Carbide Consumer Products Co,
Cleveland

Ohio

Attn: Mr, D, Cameron (1)

Electric Storage Battery Compaty
Ray~O-Vac Division

212 East Washington Aven ue

- Madison 10, Wisconsin

Attn: Mr, P, Albert (1)

Marathon Battery Company

Wausau

Wisonsin o :

Attn: Mr. G, Schroeder (1)

- The Dow Metal Products Company
Metallurgical Laboratory

Midland, Michigan

Attn: Mr. J, Robinson (1)

Globe~Union, Inc,

900 E, Keefe

Milwaukee 1, Wis,

Attn: Mr. J. Thomas (1)



